Abstract
The efficacy of biofeedback treatment on faecal incontinence and anorectal function was evaluated in eight patients with faecal incontinence treated with biofeedback training and medical therapy. Outcome and anorectal function were compared with nine faecal incontinent patients who received medical therapy alone. Three month follow up showed that 50% of patients in the biofeedback plus conventional treatment group and 56% of those treated conventionally only had improved. One year follow up showed that 13% in the biofeedback group were free of soiling and an additional 25% had improved. The results were similar in the conventionally treated group -11% were free of soiling and an additional 44% improved. Anal pressures at rest and squeeze, the rectal distension volume that induced sustained inhibition of both the external and internal anal sphincter, and continence to rectally infused saline were signiiicantly reduced in both groups of patients compared with controls (p<005). Biofeedback treatment had no effect on these abnormal anorectal functions in either patients who improved or those who did not. The improvement in faecal incontinence was probably due to medical intervention or regression of symptoms with time, or both, and not the result of biofeedback training.
Continence depends on the anal sphincters, the rectal reservoir, and the mechanisms that govern water and electrolyte transport in the gut and determine stool consistency. Faecal incontinence is defined as the inability to retain solid or liquid stool. Up to 80% of patients with faecal incontinence present without evidence of generalised neurological disorders or of other anorectal abnormalities,' and this has been referred to as idiopathic faecal incontinence. 2 Patients with idiopathic incontinence have lower sustained intra-anal squeeze pressures than normal control subjects and abnormal resting electromyographic activity in the external anal sphincter.3 Histological studies of the pelvic floor and the external sphincter have shown abnormalities which could be explained on the basis of partial denervation. 4 This denervation injury is thought to be caused by chronic straining to defecate, child bearing, childbirth, or rectal prolapse.
In the past decade a new treatment, biofeedback, has been developed for a variety of illnesses. Biofeedback utilises the patient's self control over bodily functions. As a therapy for gastrointestinal disorders, biofeedback has been applied most successfully and extensively to patients with faecal incontinence. During biofeedback training the patient is provided instantly with information on the current function of the external anal sphincter by giving him or her visual or auditory information, or both, using an electronic device. This procedure is based on the assumption that the supposedly involuntary nature of some physiological responses and hence the impossibility of their self control stem from the poor afferent information from the anorectal continence mechanisms rather than irremedial defects in efferent information.
In a number of uncontrolled studies, biofeedback training has been reported to result in continence or a considerably reduced frequency of faecal incontinence in 73-80% of patients.5-" Therapeutic gains seem to be maintained at one Tables I and II. The anorectal physiological data obtained on the biofeedback group were also compared with those of 11 healthy control women (30 to 81 years of age, mean 64 years). These 11 were selected because of age from a group of 18 healthy women who were studied previously.12 They had two bowel movements per day to one every other day. They had no history of previous gastrointestinal disease and their physical examination yielded normal results.
The study was approved by the Institutional Human Research Review Committee. Written informed consent was obtained from all biofeedback subjects and controls.
STUDY DESIGN
A complete history and physical examination were performed on all subjects and the frequency and consistency of bowel movements and soiling episodes were determined from the stool recordings of the past month. Patients kept diaries of faecal soiling and bowel movements for an additional three months. Anorectal manometry and saline continence test were performed at Efficacy ofbiofeedback training in improvingfaecal incontinence and anorectal physiologicfunction Figure 1 : Intraluminal pressure recordings from the anal canal during rectal balloon distension with 60 ml airfor 1-2 seconds. A healthy person is able to voluntarily contract the external anal sphincter (A), has a reflex contraction ofthe external anal sphincter before the reflex relaxation ofthe internal anal sphincter after balloon distension (C), and can override the reflex relaxation when balloon distension is perceived (E). A patient with weak anal sphincter can accomplish only a weak and short voluntary contraction ofthe external anal sphincter (B), has no reflex contraction ofthe external anal sphincter after balloon distension (D), and is unable to override the reflex relaxation when told to squeeze as soon as rectal distension is perceived (F).
the beginning of the study in all subjects and repeated an average two months later in patients doing daily anal exercises and receiving the three biofeedback sessions. Three months and 12 months after the initial anorectal evaluation all patients were asked to fill out a follow up questionnaire which included questions on medication use, stooling patterns, and frequency of soiling.
BIOFEEDBACK TREATMENT
Three one hour long biofeedback sessions were given using a three balloon system developed by Schuster et al."3 Biofeedback treatment involved measuring internal sphincter relaxation and external sphincter contraction by recording pressure changes in two intra-anal balloons and using a third balloon for rectal distension. Biofeedback treatment incorporated three separate and potentially effective components: exercise of the external sphincter muscle; training in discrimination of rectal sensations; and training synchrony of the internal and external sphincter responses to rectal distension.6 During biofeedback the patient was made aware of the abnormal -weak or absent pressure increase during voluntary anal sphincter contraction, of rectal sensations during distension, and of absent or weak external sphincter contraction before internal sphincter relaxation. All this was visualised during the anorectal manometric recording. The patients were also shown a tracing from a normal person (Fig 1(A) , (C), (E)) to demonstrate the missing or weak voluntary external sphincter/ pelvic floor contraction (Fig 1(B) ), the missing reflex contraction during rectal distension (Fig  1(D) ), and the inability to override reflex relaxation of the internal sphincter with external sphincter squeeze (Figure 1(F) The manometric studies were performed with the subjects lying on their left side and the hips and knees flexed. The anal resting pressure and maximal squeeze pressure were determined during step wise retraction of 1 cm every two minutes of one intraluminal pressure transducer of the motility probe from the rectum through the anal canal. The anal resting pressure was defined as the pressure (mmHg) at the troughs of the waves. The highest anal resting pressure was located 2 cm above the anal verge. The maximal squeeze pressure (mmHg) was the highest pressure measured above anal resting pressure. We defined a squeeze as a pressure increase in the anal canal without intra-abdominal pressure increase. Anal pullthrough pressure was measured by rapidly pulling (1 cm/i second) the three intraluminal transducers from the rectum through the anal canal while the subject was resting and also during voluntary squeeze. The anal pullthrough pressure was defined as the pressure difference in mmHg between the peak of the curve on the pressure tracing and atmospheric pressure, and was calculated for each subject as the average of six measurements at rest and as the average of the three highest measurements during voluntary squeeze.
The effect ofrectal distension on anal pressure was assessed with the base of the latex balloon lying 12 cm above the anal verge and the pressure transducer lying in the anal canal in the area with the highest pressure (approximately 2 cm above the anal verge). The threshold of the rectosphincteric reflex and the threshold of rectal sensation (ml air) were determined three times by inflating the balloon transiently for 1 second in random order with 60, 50, 40, 30, 25, 20, 15, 10, and 5 ml of air with a graduated syringe, starting each time at 0. The threshold of the rectosphincteric reflex was the smallest air volume that produced a 5 mmHg or greater decrease in anal pressure. The air volume when two ofthe three inflations were felt was defined as the threshold of rectal sensation. The critical volume, the minimal amount of air (ml) felt as a lasting urge to defecate and the volume of constant relaxation, the rectal distension volume which produced a sustained complete relaxation of the internal and external anal sphincter were determined by step wise adding 30 ml air each 20 seconds into the rectal balloon. When the critical volume had been reached, but constant relaxation had not occurred, the next highest volume was used as the volume of constant relaxation.
For objective measurement of overall continence the saline continence test'7 was done immediately after the manometric evaluation. A small catheter was placed into the distal bowel with its tip positioned 10 cm from the anal verge. Saline maintained at 37°C was infused into the distal bowel at a rate of 60 ml/minute up to 780 ml, while the subjects sat upright in a specially designed chair with a central round aperture. Any leakage was collected by means of a funnel and collecting cylinder which sat on top of a weight transducer. The signal from the weight transducer was fed into the dynograph recorder. The volume infused into the rectum when leakage of -10 ml saline first occurred was measured (leak volume). In subjects with no leakage a value of 780 ml saline was used for the analysis.
Statistical analysis. The Wilcoxon non-paired rank sum test, Wilcoxon signed rank sum test, and Fisher's exact probability test were used.
Results
The clinical characteristics of patients treated with biofeedback, daily anal exercises, and medical therapy can be seen in Table I , and those of patients treated with medical therapy alone are listed in Table II . All eight patients in the biofeedback treated group experienced faecal incontinence with diarrhoea, four of six complained of incontinence with formed stools, while two patients had no formed bowel movements. All nine patients in the faecal incontinent conventionally treated group experienced faecal incontinence with diarrhoea, six of seven complained of incontinence with formed stools, and two patients had no formed bowel movements. Patients in both groups were similar in age.
EFFICACY OF BIOFEEDBACK FOR FAECAL INCONTINENCE
Three month follow up (Tables I and II) . None of the eight patients who had received biofeedback treatment were free of soiling; four patients (50%) reported improvement and four (50%) reported no change in the frequency of soiling one month after biofeedback training was completed. Three months after the initial manometric evaluation one of the nine conventionally treated patients was free of soiling and four reported improvement (56%), while four patients (44%) reported no change in the frequency of soiling. Three months after the initial manometric evaluation biofeedback plus conventional treated patients did not differ in improvement in soiling frequency to patients receiving conventional therapy alone.
One year follow up (Tables I and II (14) 37 (6) 35 (9) 42 (21) 47 (15) 26 (18) 33 (14) Maximal squeeze pressure (mmHg) 56 (17) 42 (64) 33 (27) 25 (25) 22 (21) 22 (8) 45 (40) Anal pullthrough pressure at rest (mmHg)
101 (22) 53 (17) 51 (4) 74 ( Rectal distension volume (ml air) Rectosphincteric reflex 18 (8) 10 (4) 13 (6) 20 (14) 24 (24) 25 (17) 23 (3) Threshold sensation 14 (9) 21 (5) 21 (13) 20 (5) 28 (10) 27 (8) and anal pullthrough pressures at rest and during squeeze than the healthy controls (p<0 05). Biofeedback treated patients were not significantly different from conventionally treated patients in mean anal resting pressure or maximal squeeze pressure. Anal pullthrough pressures at rest and during squeeze were not measured in the conventionally treated patients. Effects ofrectal balloon distension (Table IV and Fig 3) . Biofeedback treated patients had no improvement in the minimal rectal distension volumes required to produce a rectosphincteric reflex (before treatment 15 (11) , afterwards 18 (18) ml), threshold of rectal sensation (before 21 (4), afterwards 24 (11) ml), an urge to defecate (critical volume (before 106 (44), afterwards 98 (35) ml), or complete sustained inhibition ofboth the internal and external anal sphincters (before 69 (37), afterwards 99 (47) ml). There was no significant difference in these distension tests before and after biofeedback training in the four patients who improved and the four who did not (Fig 3 and Table IV ). Biofeedback treated patients were not significantly different from conventionally treated patients in these distension volumes. The volume at which constant relaxation of both sphincters occurred was significantly reduced in the eight biofeedback treated patients (before treatment 69 (37), afterwards 99 (47) ml) and the faecal incontinent control subjects (99 (71) ml) as compared with controls (192 (80) ml) (p<0 05). In none of the healthy control subjects did constant relaxation occur before feeling a strong urge to defecate, while constant relaxation occurred in five ofeight patients in the biofeedback group (p<001) and in four of nine patients in the conventionally treated group (p<003) before feeling a strong urge.
Saline continence test (Table IV and Fig 3) . Biofeedback treated patients were not able to retain a significantly larger mean volume of saline without leakage after biofeedback training. There was no significant difference for the leak volume before and after biofeedback training in the four patients who improved and the four who did not improve (Fig 3 and Table IV) . Biofeedback treated patients (before treatment 114 (106) ml, afterwards 116 (87) ml) and faecal incontinent control subjects (78 (53) ml) leaked at significantly lower mean saline volumes than control subjects (553 (235) ml) (p<0 01).
Discussion
This study did not show that biofeedback treatment is effective in our patients with faecal incontinence. Three month and one year follow up showed that faecal incontinent patients treated with biofeedback, sphincter exercises, and conventional therapy did not differ in improvement of soiling from incontinent patients treated with conventional therapy alone. Biofeedback treatment did not improve abnormal anorectal physiologic function including anal pressure at rest, squeeze pressure, sustained relaxation of the internal and external sphincter with decreased volumes of rectal distension, and continence to rectally infused saline in those patients who improved with biofeedback treatment.
A patient with faecal incontinence often will seek treatment at a time of increased frequency of soiling, and a measurement of the intensity of the symptoms at this point does not reflect the true state over time. In most cases, if untreated, the symptom tends to recede (regression to the mean). In addition, a simple comparison of preand posttreatment frequency of soiling can be misleading, in particular, if treatment is stopped when the symptoms have disappeared or greatly lessened. To overcome this problem we evaluated a control patient group and evaluated both patient groups at preset times. Ideally, patients with faecal incontinence should have been randomly assigned to conventional therapy or biofeedback plus conventional therapy instead of the consecutive enrolment in our study.
We defined our patient population to allow assessment of the efficacy of these treatments on faecal incontinence. We Biofeedback therapy is often combined with additional treatments and it may be these that are responsible for the decrease in the frequency of soiling through improvement or resolution of diarrhoea. In support of our findings, small controlled studies in faecal incontinent adults920 and children with faecal incontinence due to meningomyelocelel82l showed that biofeedback treatment was not significantly better than sphincter exercises,'9 dietary adjustment,'9 expectancy of improvement, conventional therapy including regulating bowel habits by frequent toilet use after meals, adjusting stool consistency with drugs, and follow up attention2' or behaviour modification therapy. '8 There are at least three components to biofeedback treatment: exercise of the external sphincter muscle; training in discrimination of rectal sensations; and training synchrony of the internal and external sphincter responses during rectal distension. Each of these components may be effective for some patients. It is possible, for example, that patients who have an impaired external sphincter muscle (perhaps due to previous injury at childbirth or surgery) and normal rectal sensation will respond to exercise so that reflexive response to rectal distension will be adequate. On the other hand, patients with a raised sensory threshold to rectal distension (perhaps due to multiple sclerosis or other neurological disorders) may respond by learning to sense smaller volumes of rectal distension. There are still other patients who have adequate sensation and muscular strength, but no appropriate synchrony of the sphincteric response.
The use of objective and sensitive assessment instruments is essential in the evaluation of biofeedback treatment results. Only a few studies reported anorectal manometric measurements before and after biofeedback. Wald7 used the three balloon system'3 for anorectal manometric assessment and found no significant difference after biofeedback training in the thresholds of rectal sensation and internal sphincter relaxation between faecal incontinent patients with good and poor outcome. The threshold of reflexive external sphincter contraction decreased significantly in patients with good and poor outcome. Riboli et al'°used an hour-glass shaped device consisting of continuous water perfused catheters for anorectal evaluation. In patients with good outcome, the anal resting pressure increased from 15 (9) to 40 (12) mmHg (normal 52 (5)), the voluntary external sphincter squeeze increased from 32 (9) to 67 (28) mmHg (normal 110 (10)), and the threshold of rectal sensation decreased from 65 (4) to 28 (7) ml air (normal 60 (5)). Patients with unsatisfactory outcome also had increased anal resting pressure and voluntary external sphincter squeeze, and decreased threshold of rectal sensation."' Latimer et al20 found that after biofeedback treatment the rectosphincteric reflexes remained abnormal despite achievement of continence.
Our study did not show a better clinical outcome after biofeedback treatment. No improvement ofanorectal function was observed. Therefore, the improved continence observed in some of our patients may be the result of medical intervention or spontaneous regression of symptoms, or both, and not of biofeedback training. Patients with incontinence and diarrhoea did not seem to benefit from biofeedback training. 
